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(54) POSITION CONTROLLER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To precisely adjust the fine 
model error of an object to be controlled while optimally 
holding a response to disturbance, and to realize quickly 
decidable control without exciting machine resonance by 
simple adjustment in a position controller for allowing a 
position command to follow up the actual position of the 
object to be controlled by using a model signal arithmetic 
unit. 

SOLUTION: This device is provided with a torque 
feedforward amplifier 10, a speed feedforward amplifier 11, 
and a position feedforward amplifier 12, and each torque 
feedforward gain at, speed feedforward gain av, and position 
feedforward gain ax can be independently set so as to be 
made independent of a speed proportional gain Kv, a 
position proportional gain Kx, and a position integral gain Ki. 
Thus, it is possible to reduce overshoot while optimally 
maintaining characteristics against disturbance, and to 
realize quickly decidable control by simple fine adjustment. 
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-tz>¥&&m*.s ±ib^— Frnmmt. V)\,9?<<— v?*r?— Ky-r>, ^my^—h*?* 

[If ^112] fia»^A*L*Jffli*r^SlSLfc. ^f^h^, ^E-r^Jt. if;HlIfl)M 
G^^ufc^W^fcca^T^Ht^ ^ET-^uilJt, ^;u<iacD#m^<t±fB$W*tii(7)<ia 

WSfii. ±ib^— Fz?*r)— Fffl'MW*. Hu<?7<(—£7*rj—F7'(>* &&z>4-£7* 

Bo 

[11*114] K^*? — K*>JfflJ«PI*. &m74-F7* r 7-F'f'(>t&j£-?4—£z>i-r7—\?'fJi / 

[IS*il5] t?^— KftflfflHSPli.iia^— K^*7— K^-OtiSS^-r— K^«7— KyV> 

3i4iB«(D<±afij^^ao 

(iaa^-f— Ky-f» 2 [it^ii7] ttfflfr&cDteate^xntftjfa^fccDtea&ajOTrfc 

aBiaafa^xdc— Sfe^^^5l^±fBh;u^^^xrlzj^i:^h;U^^^^LTJifB$)J^>Pt^$$iJ^|)-r^ 
feSftJ^^BI-&l' v ''C. ilB^HJi^xr^A^LT)^^<DjcjSlfli!i;1ISI-J:y;1I^Lfc^^;uiiia 

SIU ^^U±m^J^)^xat^J^^at^)^itmxatm^^vmtmi^mxmt^:A^}L. 
AMclBt£(D(4a$iJ^^So 

xr=aT-Ta + Kv (avva-vm) +Kx- (ax-xa— xm) +Ki(1 /s) (xa-xm) 

s:^^X;Hm^[li^8] h;u^^l^;1l^:$i5i*^T r ;uh;u^TaicH;u^7'^-K^pi-'7-Ky^>a 

aa^-K7^r7— Kiites.±SB^;u(iaxatiii4axm^(Diiii$»»Lfc<s#$ai*-r€) 
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K^^7-KHu^Tf^a^^i>h;u<7^— K7'^7-Kli<lls^.^;^igJgvalzil^^-H^^7- 
Lfc{3#£«#Lfcte^£ffi;&?-&(aB8i#», ilB^-K^^-KilJtvftiliiJtvm^cDigM 
lciSSJt««J^rV>Kv$lg*Lfc|g^aj *-T*i*Jt Jt«>J*l«». ±lH^T J ;uteBxa,i:IHiBxm<!: 
Ote^lcfiBJt^y^>Kx^m«Lf=fi^ai*^Sfifi]t«M«».fc^^±gE<aBflt^»a) 
a*lc&B«»^>Ki^«Lfc«^ai*«(4fi»»««»^«^ % (iB^-K7^9-K 

BJt0>j^tts.(4B»»M«*oaj*ffi#(D»j|[ffl$h;u^»^TriLrai*^sct$^at-r 

£»3RSi7lB«<Dfaa*J»|l&Bo 

ax=i -Ki-px/Kx[lf ^ino] h;u^i^;1tWSIHi. ^"rJi^j^TaizhJ^y^— p-?*?— K¥ 

^-9— KfSMSs ^^{SBxalcfiB^— Pz?7f r 7—M&m7'(>yx&mMLtzZ?4— K^7-K14 
Bxf^tb^-T-SiiB^-f— K74"7— RS^SS. ; ET J ;HiBxa<!:3H4Bxm<»:<DiiMlz(4B^-r>a)x 
$**Lfcfe^aj*-r-Si4BM«*. fc<fctf±ffi^r;uj£j£va£g£i$jgvm£(DiIMl::±SBfiB 

my*— Ky>r>oxii-e-*L-?*L^sc-^R3e-r'&i:itic, ±ib^— k^j-?— h>;u^tfi^6- 

fe^H^^^^TrtLTai^r^Z^^i-r^if^^IBlEcOiiB^J^Bo 

ccv=1 — yv/Kvax=1 — yx/ {Kv(cox-f coPI) } 

[is*in i] ^^*^<D<4Sfi^xr<t*ij^s*#La){4B^i±jfi-§-T?fc^iii4fixm. ajsmam^-e 

fe^^jSSvmt^A^Lh^U^Jg^Tr^tti^L.ilBII&Bxm^ilHiifiJ&^xrlz-St-r^^lc 

Sm%xr£A*LTp;r3t<Dfe;iliIj!&;Ji^ 
fa#T?fc&^y;bi£j£va<t::(&^;UiSj£va(D|8#^ 

^-^^^M^mC^^Uh^^Ta^mTD^^^UfS-^ill^gP, *><fctf .hSFE^Uh^ta 

9— Kitted ±IB^y;u^^va|ziiJt^— K37^7— Ky-f^av^^^Lfc^— K^^-'?— Ki$ 
^vf^fcbs^j-r^iiJtpi— K?*-7— K^i^.ilB^^HiBxatlHiBxmtcDMMlciiB^ 

<iiSxai^Bxmt(Dte^lc±SHa^«<Dm*^ltLfc«^fci4By'f>o)x$ftJtLf=«#^ 

IBi-K -tlB^-K?*'?— Kh;u^Tf«!:i$jtJ:b^JMMSa>a*(i^(D7JD^:fii^h;u<7ji^Tr«tLr 
^>IS*il2HB«6(DiiB^J^n^Bo 
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[0001] 
[0002] 

i*s Wi&nmmteGLm&Miw&mm.-t&tztbiz. m^m^m^Ltju^^wmtm^H. £ 
tz.^mzir-j<,-^=L—h^zL^rt^— u>mm<ommx^mm^m<u^tztb7i--/<—iy 

[0003]Ml2li.^l£Ti+;flj < J;1Mjvol.12^ 

^xr£A:frL^y;uiiAgxa£^;uil^va<h^;uh;u^^ 

505i*h;u^^;iia:$pt?fe>S)o 506\t&wim%5v&z> o 507\zmmpmm&x&z> o zuzm 

xm = G(s)-xr+G(s) -Td (itD 

[ooo4]*fc, awn *<^±^eiij<*sittc-efe^i:#^^i:. hm^i ©fcgftttGte) 

G(s) = 1/(J-s 2 ) •••■(5£2) 
[0005]L^Uf*<£ll|i&<Z)1|HJWmfcli^^ 

G(s)=1/(J-s 2 +f-s) (iC3) 

[0006];*l::^r/Mt^;1i^4<DiM1^oUT^ 

IC*r3<^ET r ;UiiMxa<t s ^r;U{£«xa<D^:9Mt^fo£^T : ;Ui£jgva<!: % ^T^UiSJtvaCD^Ml 
y^^PiS^aafZ^Cfrte^fe^^^K^^xa^jll^L^fBO^^U^Sxa^^U^va^ 

^et^u h^u^Ta^ a 2) f -I) o 

[ooo7]zz-e. nsLh;u^xd*<«i<. mmn^ o^iimmmtmmmwix^cD^-f— *>*jj&<^ 
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Wxa&m^xwwn^ &mw>-*tui+ mmnmi 0mitmxmt=E^jiitmxa^vimmmvm 

xm/xr=xa/xr = Ga (s) •••■(x£4) 

[ooo8]^izh;^^^;H^505(Dli^lcoLNTiJiBJ-r'§)o HP&MJ^mi (cii^si^T^u 

£a*u g£i±#jy^>Kv<!:«#y^>a)PKDPi(^^ 
LTffi;ftt-&ot-£:*}*>b;u?m^;it^505te^ 

xr=xa+Kv (1 -fcoPI/s) (va- vm+(ox(xa- xm) } 
••■■(5t5) 

[0009]h;U^^^;1IW^505(i±tBCD^r;Uh;U^Ta<!:||MM1»K;U^Tc<!:(DfOll#^h;U^JI^ 

snaaxm*< ; ET j ;n4fBxaicjafi£-r*«fc3ic«ijffli-r-s 0 

[001 1 lz<»&?lz % Sfri (D^a^li. ^)lsfcmft\±Ga(s)£n-,ixftfet?%ZtXlt$m 
»a3fi«(t»10HzSS)<D«l«*lS$iqi«lJLTt^o L^Ls l^i:<C(7)^;Ufe;ST$t£Ga(s)(DP 
— /^X^ttlc^^LT^— va- h£*,fflH|3JL<fc J 5£-r<5<!:, CO)*— /\*— isoL— HMlcteHH 
;&£m(&Hz*lJ£)MT)T?<Z>ij!i^fo£^ 

[001 2]^|Z, Ml3li. 0IJ*.l;miffl¥O5-21 654O^&mztm<Dm2<Dft&&ffi0pm%km 

6on£mf£pmm%5x&& 0 6i2iih^^-c— k^7— kanm* 61 1 te&jt^-f— k^*? 

— KliteSS-efcSo 608[*mi 0>1»#S* 6091*^20)^^. 610li-f^— v-vii^lffc^o 

[001 3]^icm2<7)^}$ffi(D»)^i3o^rijfe0^^ o m o>ft&&ffi±m-&ft\t. *<Dmt<D 

9l*)iSm^vr$«»Lr*nMJS^ar$ttiAL. ^iglHSgei 0l*J]Di£j£Ji<£arlC^tf>|S 

feLtzWWMMLKD'rt— V^<7)it^fSJa^^i:tc^;Uh;U^Ta^ai73-r^o 

[001 4]^lCh;U^ffi^;'Slt«P605©»lf^lCOLxTSi^-rSo h;U^7^;Hl[^605li^a^xr 

<tiim§^vr<!;^;uh;u^Ta<h5l&]*vm<!:^ 

lcfc%^rh;^^^— K7^7— Kliipi^6i2li^;uh;^Taich;u^^— K^7— K>tr>r>aT^ 

[0015]^|C^SMittl606[i&am^xr<!:||^axm^(DM<l^lCi4a^>cox^i:yc«^ 
ili7DL,^PIIiil^607li^— K^^r7-KiiJgvf«tHi$^vm<i:(D^m^-l3iiaMi»^606CD 

mti^m^tzm^xtiL. ^ttm^^^Kwtm^^oiPicDPiiitmm^mu^^xm^: 
T%mH\,<7Tc$ihti-?z>o-£tzs ^j^<7m^mn-^eo5it=E¥)^)^xatmmnmb-)^xct(omm 

xr=ax'Ta + Kv (1 +coPI/s) {avvr— vm + cox(xr— xm) } (iC6) 

iooA6m2<Dfemm\z±m<D&vizmm.irz ) ^t\z&v^ v-^oy^-^a-y-^f^^axtmm. 
^-K^7-K^v>av^ 1 t-t&t. *j»t#ii tfmm=E¥)i,<Di§ l <&izitiZLm^xrtm&wx 
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m£ffimh)K7Tctz&^xffimz*iz>o ^x\ -ztzmiz^ mu^v-k?*?— Ryv>aT&<fci;j££ 

coois]^fc> mmtt&x^ttt&mo>m y Ait&.wxfoz>tz#>. mzco^t^mxit. x.<d&7. 
j&80)Mm&miK m^h;u^7. mm. ^m^m^^^xmisb^^z^^m-^t. 

xr= (1 /s)vr ■ ■ ■ ■ (it7) 
xm = (1/s)vm •■■•(tC8) 

xr=aT'xa + Kv(avvr— vm) + Kv(coPH-a)x) (ax-xr-xm) 

+ Kvcox-coPI(1 /s) (xr— xm) (iC9) 

tztzL. ±HS(Dax(i^(D5Cl 0Tr^£*L£o 
ax= (ava>PI+a>x)/(coPH-<0x) (it10) 

[001 9]5*1 OCDax^S^— K?*'? — Vf^^tn&t^&t. mi3\Z7jk^ffi&(Dm2.(DVt%:%L 

'r>av<^:J(^^£:lcl)gs-r>5c:<^:^-c#^i:l^o cz-e. {i«^>coxfccfcl>*W^^>coPilinSLh;u^Td 
^-K^^7-K^V>av.jia^>f-K^^7-Ky>r>ax^S®lciS^T^ci:7!)<fflll'efc^)fc 

^3.-h^mur^tzit>(Dm&^mmizno(Dtimmx^ti^mm^^o 

[0020] 

[^§BJ^;*Lcfca«!:-r-&^S]^±(7)cfc^lc, |g1 (DfeXtiiffiXlt, ^5£Bf (7)*- /\*— 
Hfi]L£?<t-f ^M^^xr[c^^^;uiifixm(DJ^^^ya<^-^)i^^fe^/ci6. Hii 
Hxm<Dl£g^<&y. 

[0021 ]£fc, m2<D«£;fc&flra£. E»J^^t#ct5«t^<!:h;u^^^Tr(zEIWI^^^A<EP 

jp^^fc^. umftmi \zmm.&mrf^z>m^\zit&m&W]i£L. mmtamiz&m&obmmx 

ffltimmx&zti^fflMtfm-otzo 
[oo22]*sgejii±tec7>£?^ii£^;*^ 

mizu-otztt. mmM^wi^^^mmzn-r^mm^mmizniK ttmrnummx. m 
m&mzmi&i±?iznmzmi£?&wM&mmT&tzfr<Di><»x&z> 0 

[0023] 

[^M^;*r^fctoCD#iS]Z(D^0JI^>5{4af)Jifl^aii.^aTg^A^LtiJTO^^^ 

j^mm. ^^itm(o^m^t±mmm^n(oitm^iiim^x^mitm. &m&inm^x&% 
cm*tea*i#^>^&&^-K/^w^ 

SGIi. h;u^^-F^^r7-K^>.^^^-K7^7-K^V>fc«i:l>*{4a^— K^^-^-K^ 
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ttffil$.tLtz&<DX*&Z> 0 

[oo24]zcD^Bjiz«fififij^^aii. m.m^^AttLumm^mmLtz. ^et^uhi^ * 
±uumnn.(D\-)^n^^^^)ion^m%^m7L. ±fBH<£B^±tBt£B* B > ^ 

3^-K/<y>^>£|££«^f££<i;L. ±IB^-K7;j- r 7-KftJW(£ > Hu^f-K?*'? 
;i^^-K?*7-K^>£(Dt-^T£JiIB^-^ 

[oo26]c(D^Bjic^^&afu^^a(D^— k^^7— K$ij»f*,{ia^-r— K7^7— K^-r> 

[0027]^(D^Bjf-^^{iafiJ^a(D^-K7'^7— KfiJ«(i.fia^— K3?^r7-K^V> 

(^a^-K^^-^— K^-r» = K^^-Rf f » = (k^tm—k^* 1 ?— Ky-r» 

(&a^-K^^r7— Ky^>) 2 [0029]Z<D^BJ[c^^<iatlJ^^ai±,n^^^CDiiaJi^xr^ 
^tt^L^IBIiteBxmT^fBtefim^ 

£LT±tBfrHM#i£frjm-6t!mw 

2&;it^lCj;y;imL^^U{iLBxa<>:Z0^ 

;uilJ£vac7>^:9M5^fc6^;uJnSJt[c^ 

i££vm<!;ilfcfixm££A;foUteBJ:t#j^>K^^ 

K?*-'?— KyV>axtiS^f— K^* r 7 — Ky-Oavt^a^— K^*9— Rrf>ax<i:£ffl 

L^c#5£rii£;h,<5;1i3ficao%NTJLfBh;u<7^ 

■So 

xr=ax'xa + Kv (avva— vm) +Kx- (ax-xa- xm) +Ki (1 /s) (xa-xm) 

K±^lS.^T-*;Ui$^val^ilJt^-K^^-'7-Ky'r>av^^S[L«'f— K^^-K&Jtvf^tii^ 
■r^ii^^-K^^^ — KigiiilSI. ^ET^UxiSxalCiiB^-f— K^*«7— K^>ax$ftJ|[L/=7-f— 
K7^7-K<4Sxf^tU ^r^fia^— K?* 1 ?— KflMMk ilB^^HSaxairHSffixmircDis 

Jt^J^VKv^mmL/ifS^itS^-r^^tk^J^SI.ilB^— K^^-KteBxftHiaSx 

mtote^iciaajt^jy-r>Kx$iii3tLf=«^ai*-r*(aBJtffiiM««. fc«fcuLtiEti««# 
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[0031 iz.(r>%B^\z%^mMmmm.(j>v)^^mm.u\^ ^Juh^xaichju^r-K?*? 

7*7— KUJWS.iSB^-T^iSJSvalctta^— K?*?— RSMy-f:/px£JII*Lfc7.f— K^^- 

^-K:7*r7-R5mxf£M3tLfrft^£»#^ 

±HB^;u^axa<tii<iaxm<»:<Dii^ic^ait^jy^>Kx^^wLfcft^ai**^{iajt^j 
««*,fccfct;±iBiiB»^sa)ai*ictts»»^>Ki$*itLfc«#*ai*«iiaw»a 

ax=1-Ki-px/Kx[0032]C<D^BJ|cj^^<ia^J^^ac7)h;U^fg^>1I^Lg|5fi.^;Uh;U^Ta 

Svf^tij^-r^jiJS^-K^*^— RgMss, ; Ef r ;u^axaic'taB^-K7*'7-KigM^v>Yx 

^mmLfc^— K?*r7— K<4Bxf£a*J-f<5{iB^— K7*7— Kf£3£§S. ^;M&Bxa<!:|lte 
Bxm<t(DiiMl^{4B^V>a)x^||iJfLfc«#$ai *-T^iifi««*. fc^tf-tE^T^UiS&vat 
3IMvm<t(7>{IMl::±lB{imMi«f§<7>a^ 
^>coPi<DPi(MJ»30 ;ISJr£iToT^ 

K?*?— Rr>f>av*J«J:tff£B^f— K7*7— Ky^^axli^tt^^^iS^-r^^t^lc. ±|B 
7>r— K?*r7— Kh;u?xf^i^r— K7* 1 ?— Ki£Jtvf£^— K^*?— KiiBxf<t£MirLf::{l-s§-lc 

av= 1 — yv/Kvax= 1 — yx/ {Kv(cox+coPI) } 

[0033]Z(D«Wlc^§M*JIWISBJi.nffl}b^(DiiBffi^xrt*J»^»OfiB«ffifi-^-efc 
^UteMxrru ii^^ai«^--efe^,lli$mvm<!:^A^Lh;U^*&^Tr^ai^iL, ±ESH£Bxm#± 
EMJS^xrlc-ikrs«fc5lcJiEh^ffi^TrlclS:Cfch;u^f6^Lr±E*J^^a$1&J»rS 

xa£;iCD^r;MiBxa(D^:kMt^fc6^^U&j£va^ 

f^ai^-r^h^^^-K^*^— Kii*SS, iie^ET-^Uit^valzit^^— K^^-Rr^av^ 
*«Lfc^-K7*7— KjSaEvf*ta*-r«)SJft7-f— K^*7--KJt«*. -tiB^T^teSxai:!! 
^Bxm<t©«Sl^<afi»»W>a)i$m«Lf=«#^a*^*fefi»»M«*.i4B»»ffi«» 
©ffl*A^±E^>l'jSSvat^— K7*7-KiSJSvf^(DilM**ltLfe«#$»»Lfc«#$ 
a*«»^«s±E^;uiiaxatllii1^mi:(D«^lc±E«^*a>ai*^*D#LfcOTlzi4 

a^^ox^sitLfcg-^^ttj *-r*ia«Jt««jffi«s. <fct/±E7-f-K7*r7— Kii jtvftUji 

Jgvm<!:<&iiillz±E^Jfc#JM^<Da:ft^ 

a *J -T 5&£Jt0!IMtt*£Klt s ± ti?4- K7* 7 — KHU*xf£iSJ£ J£0>JM««a> a *i if-^tf) 

^M^hju^m^xr<hLra^T^h;^fi^;ii«$p^{iix..i4a^-K7*r7— Ky-f >ox£t 

ax = av[0034]Z(D^|BJIZf^-S^a*IJffil^a(D ; ET-*;um-^;1l^l*. J £aH£fi*l'^'=> ; E J r;Ha 
*m^i:±E*iJ^*<D<4B«affi^--efcSII<aB,iSfiE«ae#T?fc€)Sli*JS(D'&«#t$A 
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j£tbfli^>;fccmM&am^v>A^ 

[0036] 

zmwrt&m'MitiWLVfo&o 2ii$w^^i (TXia^fe^iniaxm^tiit-^^a^jii^-efe^o 

SfilliimxmCD^Mt^fc&ii^^^ 

h;K7j|^;Hm^T?fc>§, 0 6ii{iH»^||-efe^o 7i*i$jgi±#iJM«^. 8itikWtt®mm%s. Qlt 

®.wmfttinm$3v&z> 0 ioiih;u^^-K^^-9-K±iipi^. 1 1 itmmy^-^y^-^mmm. 

[0037]^|Z||]!ig(7)ff^1 OKl^lCOLNrlftBJt-'&o ilHJfliP** &1 <Oft&lZ-D\.*T&tW?%>o 

xm = G(s) -Tr+G(s) -td (xtD 

[0038]£fc, ftJftWtM A^^Wi*:**^fc*i:LfcJi^. a>fc&ftttG(s)l*2W> 

5Ee2-cs^ti^o fc/£u Tstcifcivc ji**hw***i <tm ex-ve&*. g(s) = 1 /(j-s 2 ) ■ ■ ■ • 

(5*2) 

[0039]LA*Ui:tf&*»(DMtt»*1l=l4*^ 
G(s) = 1/(J-s 2 +f-s) (5$3) 

[0040]#iz^iuffi^;li3t^4(7)ljM1;£I&e^ 

l^*3tea*i^xr£A73U P-/\ 0 x^14T?fc^r;ME^#ttGa(s)(DfE^^;1imi^*oa> 

T^Eif/HaSxa^JSilfcU MlC^T r ;Ui3j[axa(7)^^ffi-^Tfc^ ; ET r ;UiS^va<!:. ^ET^U&JtvaCD 

^MM^T-fc&^\^Ani£jfaa£^ 

— Sz-Vflft-efeS^E^r^-f-^— V-VJa^^ET-^UADji^aalC^Cyc^l-^-efc^^T-^UK^U^Ta^jllfliL. 
±fB<D^VU{£fixa<h^;Ui£/tva<!:^\/Uh;U^Ta^^ 

Ga(s) = 1/(s4-coa) 2 •■■■(^11) 

[0041 l^cDKf^ic^y^E^MH^^^-eii^TcDiti 2. 5C1 3. 5*1 4a>£2HftftH:$ 

xa = Ga(s)-xr ••••(xtl2) 
va = s'Ga(s) -xr 3) 

xa = Ja'S 2, Ga(s) -xr ■ • • • (3£1 4) 

[0042]^izh;u^m^;H^SP5a>iJ)^ic-D^TijfcB^-r^o h;u^*g^;1S3f^5ii^;uh;u^Ta<!: 

^^^^va^^Miaxa^^Jtvm^^iiaxm^A^-r^o K>K7^;|S3f $B5(D|^S|J|:: 
fcl^-CMW-f— K7*-«7— K^SlOli^juhn^al^hJU^r— Rf-OaxSSli: 

K^>av£SCfc7-r— K^**?— KilJgvf£tii73U <5a^-f— K7*7— Kif*S3ff1 2I£ 
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*L,i4ia^ja««8r*7-r-K^*7-KMxfi:iieaxmi:<z)eMiciiajt0yy'<>Kx$*i: 

ffi*L>;u^ffi^35Jt»5i*^— K^*r7— Kh;u^xftiSffiJt^Jffi«S7(oa*i:(aatk^tt« 

xr=ax'xa + Kv(avva — vm) +Kx(otx-xa — xm) +Ki(1 /s) (xa — xm) • • • • (5^1 5) 

[0045]£fc. h;u$ffi^3SMB5ii. h;u*:7-r— K?*?— KitMHHh oic^y h;u^-r— K7*7— 
Ky-f >ax£. aiJS^-r— KiiipSSl i lefcyiSJK?*— K:?*?— K>rV>av£. lia^f— K 
^■7-Kli«».1 2IC«fcyiiB^-K:7*7-K>f >T>ax£. &jgJ±0]Mtt«7lZ«fcy&gEJ±«$M' 

>kv£. iaatb«*ii«»8[zj:y^aJt«y-r>Kx$. fia»»ffi««9jc«feyM»»y-r>Ki 

x, ^Jg^-K?*?— Rf>f>av. i£B?*— h77V>ax£J8ffcLT?<— K?*7— 
[0047]Mll^fct N T^— tv?* 1 ?— Ky-T>ax. av, ax£:£T 1 1ZLfdi^f*. Hi (£>t£3fe&fl*7^£> 

n^fl)iit^^t-efe^„ -r^^*»MiMj^^i*mi (DVt&&iffikmmizW)ttL. mom 

[0048]^ICh;U^7^;H^:$|55(Cfclt^)7'-i'— K/^-7>r-r>Kv. Kx. Ki(Dl§:£l~OlNTl!2£m^ 

Tl^B^r^oM2l*^axd|Z^-r-&ll{4axm(7>X^^JS^^-riar*fe^>o 

[0049]^— K/^W-T>Kv, Kx, Kili, HSLxd|C^LT||{ifixmt{iHJt^xri:CO^M(D^ 

tisai-r at. Gx( s )(7)XT^j^^(Dmff^(*M2iz^r^cf^^^;jSff$ic/ c i:-& <> r*t>*»a*f* 

Gt(s) (DXf'^lS^A^ IE(D73l^t£lf l-^WLTMCD 7a fcG^tT#"^"^^f L^cfc '51-^7 'T — K/^^^-Y 
>Kv. Kx % Ki^lS^-r^o d(DGx(s) [£. $jftl*t&1 ^t;P^[Hlj^(DJ^^trfeoT. ftJ$P*fti 

-So 

Gx(s)=G(s)/{ 1+G(s)-Cb(s)] 

*fc.«l»»*1^2a)a?HW3B:lil{*«*iLfcii^a)GT(8)*GTl (s)tSBiS-r^t.GTl (s)f* 
Gx1 (s) = s/(J-s 3 + Kv-s 2 + Kx-s + Ki) (it 16) 

[0050];^|Z^<— £7**7— K^f-r>ax.av >a xCDiS^|ZOlNr.M3IC7F-r— &B<J$:2g fiJgfrlfBP 

^□y<7£ffllvcljtBj^&o fc*>\ mo-*ftW*2SSJgftiJffli^liftiJfflim(DJS:^!|#tt$#«f-r-& 
St?&*„ 141*^— K74-»7— K#JWefc*o 

[005i]^M3lc^— W^2SSS*J»^©»f^lwOixr^^o 7^— K7+7—K*W 
^l4li{iMJ|^xr$A^LCf(s)CDail^ift;1imiCcfcy^-K37^7-KH^xf^*^«o^ 
— K/ ^ftmtPS 1 3I*!HTigxm£ A73 LCb (s) <Dfcmm%L$imz& y K/ N^^h^^xb^fcb 
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l«&-f&<!:> K7*«7— h 4 |i|Kl 4(7)f5il4#'ttCf(s)fcJ;t;^-K/\^$iJ«13(DfeB 
ff#t±Cb(s) 7fcJ:tfiCl 8-emZ*l&o 

Cf(s)=Ga(s) -Gf(s) (x£17) 

Cb(s)=Kvs+Kx+Ki/s (ifc18) 

tztzL. ±fECD5e17|Z^5L^T Gf(s) = (ax- Ja-s 3 +avKvs 2 +ax-Kx-s + Ki) 
/s •■■•(jC19) 

Vfo&o £tz. ^0^,200) ^o\ZZf^— K?*'? — K^f-Oax. av. ax(D±T^1 <!:fcl^ciI£<7)Gf (s) 
£Gf1 (s)£fc< 0 

Gf1 (s) = (Ja-s 3 +Kvs 2 + Kx-s + Ki)/s (xfc20) 

xm/xr=Cf(s) -Gx(s) 

= Ga(s)-Gf(s)-Gx(s) (iC21) 

[0054]^CT;\ ±^ICfc^TGa(s)l£±iZ& ^^Mt^Hm^CDfe^ttGaCs)^ 

T&WAvfo&o -£tz. ^2ivm^^iiLm^xrt^mi^mxm^v<Dm^ti^=E^ : ji,Bm^ 
&m^tz&m<ftte.GKs) ■Gx(s)jb<jc»*iijE-r*^tti:fty, zcdgks) -GT(s)(z>£ii#i4f*sci 

9«fcy&0>5t22±:fc& o 

Gf(s)-Gx(s) = (ax-Ja-s 2 -fav-Kvs + ax-Kx + Ki/'s)-Gx(s) (it22) 

[0055]±IE(D^22cky. Gf(s) -Gx(s)(D)^^(iM2lZ^Lfc^LJt^Gx(s)(Dm^. MJ. ^ 
fl\ 2^#<Dj£^(DlfeS|fl2fQ<!:£:£ 0 M4ICKi-Gx(s)/s, Kx-Gx(s). Kvs-Gx(s), Ja-s 2 -Gx 

>ax, av. ax££T1 ^-T^Gf (s) -Gx(s) (*Gf1 (s) -Gx1 (s)tW % ±&(DmWt$&Xf3t1 6b&2 

o«l;y.Gf(s)-Gx(s)(DfeBTf 141*1 lz-grr<5o-r#;b*>s ::<7>i§^lz(i % M4lc^Lfc4o<7)» 

[0056]CCT:\ ±3i&<Z)«fc3lCfJj^p^1 ICli^T^US&MA^Sfctf)* Gf(s) -GxCsXDffcglil ICjfi 
l^^btWIsi^C^. feaT§^xr7!)Nb>|||iSxm^T?(DJ^^(i±fg<7> 5£21 Vfo&tz&b, 
5$1 1 lC^L/c^;UCDJ^^Ga(s) (7>f£;^;^fca^/J^<-r >?><»: s ^;b<Dj£g : gtt(DieilNjg;& 
ttfiR»A<l»*aF*t*fc«>, z E7 J ;Hifixa < tlliiBxm<i:(7)|^M^/J^$<^'S 0 LfcA^T, ttttt££&: 

<»:a)ffisaK»rsfei:«>§SMi=oL^r(±. ^T-^KDj^^^^coa^Rfr^a/h^-r^z^iz^or. ^ 

LfrLKtfh>. ^3lZ7jkLtz^mm^. ^H\z&^X±£&*—/<—iszv—hti:t'<Dlt%ttoiS.^ 
|-{4SJt^xrlZ^-r^)ll<iSxm(DCr>^^^^yig<^oTL*3o 

[0057]^Zr%^J^Iii4S37-r— Ky-r>ax^lA>f,Mi:7tii-&,Gf(s)-Gx(s)<DJ^^ 
axA<1 (Di#^(Zl:b-<TM4ICfclt>5)Kx-Gx(s)(7)«|z(1 -ax)$*i:fca»*Mi:fc*»a>r= 
mt^FZo C<7)cfc^lC s P?*-? — Rr-Oax. av. ax£l fr£>^f-<5Z<!:l~cfcy „ K/\VJ7 

*/i:f4itm < Ttxrrc«-r*inaiExmfl>fBS*&*yii<-r-sct3&:<. <is^xric*t-f 3H<£M 

xm (7) l£ ^$P3^-f & Z t *>< Plsg I o 

[0058]£fcs *J»*t*1 <7)^-7 s ;U^<Z>!NFl4l±«^t?fcy . Cl<Dcfc?fc^^£l::#&|fflrfK**J6 
LT&&^<iI<^££t!:£f;:#>lzli . itLW?*— K^+r7— K^-f>ax % itJt^— K?*?— Rr-Oa 
vfecfcU>;U^^-K^^7 — K^V^ax^iJllZp^^C.tlZjcU. 7-f-h*A77^>Kv, Kx. K 
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'So 

[0059]*f^M2IC^Lfccfc5l^. K/<«y*y-f>Kv, Kx. Ki(7)®^(DiiSTii. ^SLJ&^Gx 

^-/\*-vzL-h^ecLfdi^. fiiz!i(Dcfcai^ax^/j^<-r+Lii > v^-b^tmfrj-r 

X\ ilJt^-K^^7-K¥-r>avfcJ:U*h;U^-i'-K^^- r 7-K J, 7-V>aTli1 icH^Lfc^, ax£ 
/h£<^b£i*fci§£<DGf(s)-Gx(s)(DJ&^<D^b(7)^^ 

*7-RrV>axf£(f£l «fcy^L/h$<-r-SztlCcfcy s ffifm&ftiJttllf rta);1S3ti:«!*3£i:ilS£Tf7l— 

[0060]£fc s ±IBT:i*{ia^— K^>axf£lt£'jN£<^££Lfc7^\ M5lC^Lfc<4B 
7>r-K7^9-K^>ax/£lt$1 J:y/h^<Lfcii^(7)Gf(s) -Gx(s)CDX^^^Ii. B#£ljO(DH: 

[006l]CCT;\^J^I**^Jt^-K^7— K^>av^/h^<LfcZtlZ c fc^Gf(s)-Gx(s)(7)X^ 
^j£g(7)^bli.M4jZ)Kv-s-Gx(s)(D»|::£^ 

— K7^-r7— K^>aT^/J^<LfcZ<*:lC^^Gf(s)-GT(s)(7)XiF^pS:^(7)^<b(j:s IH4(DJa-s2- 
Gx(s)(7>»lz£i&£7bMtf;:^ 

[0062]<fcfZ. ^0)-mtLXZ>4— £7**7— Rf-T>ax % av. axlz;jfc(7)5£23(7)|l§<&£mci*f;:il 
ax=av=at ■ • • ■ (5^23) 

[0063]±IB(Dit23(D||^|#^-a-r^— K^^— KV-T>ax, av, ax£l fr£/h£<Lf-i§^tf) 

Gf(s)-Gx(s)(Dj£gl* N je23cfcy^CD5e24-CS^^o 

Gf(s) -Gx(s)=ax-Gf1 (s) -Gx(s) + Ki- (1 -ax) -Gx(s)/s (it24) 

■r^t?*,.Gf1 (s)-Gx(s)(7){E^#t4li1ICifi^CDT\Gf(s)-Gx(s)<7)X^^^^I±.iS^ax 
OXT^^^-fbi:. M^lz^LfcKi-GxCsJ/sCD^ff^^^LfctCO^CDfDlC^^o ®6lz* Gf1 
(s) -Gx(s)CDfe3t!ftt££l <bU j£23<DM& : £fttz-&tz±X7>(— K^*7-Ry^>ax£/jN£<L*= 
^CDGf(s)-Gx(s)(7)XT^lS^(D^^b^-ro HKD^bCDtS^y. Gf1 (s) -Gx(s) J^'>£: 
^-/\*—>zL-h^C-r^^|Zli^23(7)K^^|#fc-a-fc±TO'f— K^*? — K>V>ax.av.ax 
&'\^<r&t. te6bh>fr\Z. titz--D<D/^*—$axlZ&&mmtj:m&X\ ir— /<— 

[0064];^|C. -#iJi:Lr^— Rr-T>ax s av s axlz;^(D jC25(DK^t#fci±fcii^i5i 

av=ax2 s ax=ax3 ••••(5fc25) 

[0065]±tZ<DX25<DMi&$mzi±X74—h*7*'7—£'f'(>ax, av. ax£l t^'l^<Ltzm^<D 
GKs)\tTj£xm£HZ>o 

Gf(s) = {Ja-(ax-s)3 + Kv (ax-s)2 + Kx-ax-s + Ki)^sHl7l^ Gf1 (s) -Gx(s) <Dfcii ! ftt££l 
<tU ^25(Dmm^tzittz±X7^—^y7t-^—^^^>ax^^<Ltzm^(DGf(s)-Gx(s)(DX^- 

yjifc&ftmt&TjkTfo momtcom+M. en (s) -GxCs)^^^— /<— vzl— h^z-r^ 
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GiZlt. 3.Z5(DM& : £&tz-&tz±X7>(-£7*1— Rf-f>ax. av v ax£/h£<-f :&*>±tf y£ 

[0066]HI«1 l*ia±cDcfc5lcttj$T-5::<hlc£y > K^*7— Ky>r>i9:SS3R-ca&S 
<iM7-r-K7^r7— Kittmi 2£fili*_ N #1*7^— K7*7— K^>ax£&£:7*— K:7*7— Ky 

^oav^vLic^oiijghb^jy^^Kv. i&wttm¥^Kx. ikmmft¥'(>K\t%i±uzi uncom. 

lzmmX*$Z>tz#). &tz£)l><774— £7*1— KyV>ax-^i$Jg^— £7*1— Ky>T>avJ&<1 <D££ 

r^^-h^f?- Kites 1 2izfcit^,iiM^-K^^7— Rf-r>ax£i ^*^icLr/h^< 

[0067]*fc> 3SJfi<DH2S§1 li^-K3'^-r7-KiS^^mr^^h;u^-i'-K7^7-Kiiit'i5l10<!: 
K7*r?— KlfSesi 1 £(M7-r— K7*-r7— K«Mi»i 2£flt?U 7^—£7*l-£¥^> 

ats av. ax^SLMc3(43:|Z % fr~D74— K/^^-f >Kv. Kx. Kittle 1 liin(DMlCiSST:$^fc 

[0068]^blc. HJjfccof&lgi li:^— K:7*r7— £WLWgmx&>%>V)\,774— K^-7— KJIMMio 

>ax. av. ax£T7-<— h'/^^^V>Kv, Kx. Ki<t&3£^M$:|l|]|&5££ffll^T— ^"elS 
^■T^-tl^cfcor. £7*1— Rr-Oax. av. ax£l ^ft^lz— 0(0/ ^axTri^PS-T 

j£^A<p-/^4#ttt^S*dl^«^L,^-K^*9— KK^^-cfc-Siiia^-r— K7*r7— Kit 

Z^mx.n.M.74— £7*1— Rr-T>ax£l lU^aXfircgftS-e^fcto. ^^UsatettGa 
(s)$P-/<X4#tttLT««^lg<Diftje$jqi*JL. (4B^— K7*7—K^f-f >ax^1^*^fwLT 

'i^mm&ir&^tiz&v, ^\,m^mm\zm-otz^. mmzwuL. t-/^-va-hj»j 

[0070]&fc\ tek±0>9ZmO>!&W\ (DmW-&Z. hJWm<$mUU5\ZtelM:h){s774— £7*1 — 

•r— is->rJa$nm*iMLi<D'(-)— iy^Jlz£j^7^— £7*1— £f>(>aT$m£tzm.lz-t&&?izm 

[0071 mtz. mxitmmttmmm^80iii^tiiif<Dm^iz. a—zi^^j^^mALtz^^m 

tiz^oxitU<.±^Ltz^74—£7*i—£¥^>o^^mm^^ztizj:iymzt : bx^^ 

looizimmmmz. m8i$nffimmz<DikWMffl&w<Dmm&m^z?ny5mxfoZ) 0 msiz 
tei^xm±tm-ft^i*m-&#$:7ikuir<Dmw$:4£m-?z> 0 

[0073]1 O5l*h^»^3r^rfc§o 106(4i4fi»»»T?fc<5 0 107l*iSJtlt«IJM«», 108 

mzmttmmmm. 1 09iiiats«!»*i««rfc§o 1 1 oi* £)^7^—£7*i-£mm^ mi* 

jSJS^-K7*r7— KltWIS. 1 1 Z\t.^M.7^— £7*1— KiSJMFefc*. 
[0074]Mll^Ly--||]!iS(7)^allTrli ; ET r ;MiMxalc{4a^— K7*«7— Ky-f^ox^KICfc^-r 
-K7^7-Ki4Sxf^||{iS<!:roMfl^ffl^Th;^^xr^;1I^LrLNfcj!)<.i4Mfg^xr(D^ 

ttffi«*<**L^*^r=(*. ^«wic(iait«ijii«S8(DHi7j^^<^y . *f=^a>ai7j$ffi«:-r 
#\ ccd nm<D mm z it m± <r> ^m-^zmn Ltzmv&z „ 

[oo75]2feic^«ga>^«i2<Dibftic-Dt^si^-r*o mrnmmi tmtez>Mftv&>&H\,v^fc 

Itfflll 05<Dm}mz-Dl\xmW-?&o hJWm^mWm OSli^^UhJU^xa^^UjgJtvat^r 
£7*1— £m^^ 1 0\Z=E^r)\,£)\,7Ta\z£)\,07<<— £7*1— £¥'<^*T$:5kCtz7<<—£7*1— 
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-S§-)xf£tH2>-f&o 

[0076p*i::teB«#§si06(£^;M£axa<hil^^ 

>H4SxairH^Sxm t<D l^ait^J^-f >Kx$^ tfcfi-^-* ffi 7DL. <ia»^i^ 1 09 

COO77]Jil±0>«k5lCfl|fiJc-rS^^IC«fcy. h^ft^SHJWftlOSIM-x^tiitxa^^UjSJSva, 
^T^UNU^xa. HiiSxm. |g£j£vmlz£^#;jfcG>^26(Dfcji||ib*I3:|C«fcy hib^ft^tr^tti 

xr=ax"xa + Kv(avva— vm) +Kx(xa- xm) + Ki(1 /s) (xa — xm — px- va) (iC26) 

[0078]c:cr% ^T-^uil^vaCDa^l^T-^uiiBxa-efe^fc^s 1t-§-£h;u7. iSJt. 

<Da^(D^^ft^^lC^26$^^<h.^(Dxe27<!:^o 

xr=ax , Ta+Kv(avva-vm) + Kx| (1 — Ki-px/Kx)xa — xm} + Ki(1 /s) (xa— xm) • • • • (i£2 
7) 

[0079]Lfcj&<oT\ <£B7f— K7*»7— Ky-f>ax^TsC0)SC28T?^*-r^t. ±IB(D3£26(D;1& 

ax=1 — Ki-px/Kx (i£28) 

[0080] 

xr=ax-xa-f Kv(avva— vm) +Kx(ax-xa- xm) +Ki(1 /s) (xa— xm) (xt1 5) 

[0081 ]*fc{4a^— k^-7— KiSM^vpx^is^-r^cticjcy s {sa^-f— k^^-rt-v 

>ax^iSJS-7-r— K^-7— RfV>avfcJ:0^— K/^y*>Kv, Kx. Ki£&tfclC|ft£*-5c:£j&< 
[0082]±K<7> c ):5(^Ii$^C<!:(Cj;y „ 3U5fctf>ff2®2l*||j5£<DJf£Sl <t :£< |b] « (7) L 

[0083]H]6fcCDff:^3. m9&MM<Dl&m3<DMffl3fk$:7r:-?7ny5mT*fo%o M9lCfcL^TMl<^|Hl 
-ft-s§-l*P-SJ#£^U -€-(Dtfti?S£*IB§^->g> 0 

[0084]205Jih;U^J&^3t«Sp-efcS„ 206(*M*iiflt«* 207l*j£j£PHi«»T?fca„ 2101* 

M^-r-K?* 1 ?— KJf M#, 21 1 liiSJg^— K^*«7— KifB*-efe*. 

[0085];^^Z||]!fe(7)ff^||3(7)^^J^|Z-^t^Tl54BJ■r^o HJfcCDff^l £#*fc<&SB#T?fc5h;U*Jg^2* 

3f«H205(7)l!if^lcoL^rSiM-rSo h;u^fg^;1im$P205li ; ET r ;uh;U'7xa^T : ;i,il^va < h^ 
;uteBxa<!:iii^vm<!:3iteBxm<h£A*jT<5o h^^SOt^osrortWicfci^TMu*^— 
K7*-7— Kili|>Itl2ioii^^uh;u^xaizh;U'77-f'— K^-7— K^-V>ax^i:y--^— K^-7— 

Kh;U7xf£ttJ:fcU iSS^-f— K7*-7— KJi*B3g21 1 li^^UiiJtvalCjgJt^— Rf-f 

>av&m ctzyj— k?* »7 — Ki* vf^ as 2l f 3 o 

[0086];*|::teBM11^206{*^;M3mxa<!:3|{jmxm£^ 

a*L. i$JtPlMitS207ld:^— K7*«7— KS^vftH^vmtcD^m^-lciiaiiiKSl 06<7) 
tfi:fc£fla*fdM^£A;foUi£Jt]:b#J^V>Kv<h^ 

Milh;u^xc^£U^-r^o^/c, h;u^7fi^;1ISS(5205l*^-K7^ , 7-Kh;u^xf«!:MMIii«h^'7x 

c<h<Z>*Qjs^£h^7* B '^xr<hLTai;'i^&o^&^ 

«fcyK^^fg^xr^;H#-r^ 0 

xr=ax*xa + Kv(1 +coPI/s) {avva— vm + tox(xa- xm) } (^29) 

[0087]C^T:\ ^;UMva(DfI^N*^^/M£BxaT?&&fc#K ilJt. (4a, &fi 

C0»^-(D^7C-e|i^^ c J:5lC5t29^^^-r^)«t. #(D5£30. 5C31 % 5*32. 5£33<>:£:&o 
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tr=ax-Ta+Kv(avva-vm) +Kx(ax-xa— xm) +Ki(1 /s) (xa-xm) (x£30) 

tztzL. Kx=Kv(cox+g>PI) •■••(it31) 

Ki = Kvcox-coPI (i£32) 

ax= (cox+avcoPD/Ccox + coPI) (i£33) 

[0088]±Ig(7)jt31 . 5£32. ^33^). xC30ICfclf^{±fi^— lO* 1 ? — Rf-fl/axli, 
liT?#fcl*o LfrLt£tf£>^ ilJ£?f— Kit*IS21 1 lcfcl*Si£j£7-f— K7t7-h>V>a 

cfcy/j^-r-s^fz^Ljiei sicm-stea^-K^;*-'?— >ax^i &v>\^<ta& 0 mz, 

<b?-&7b<z<7)<£my^>cox<!:*i:k v yV>G>Pl<t^ 

K^^7-K^>av$PSr^Z<!:W— /\*— vzL-h<Dtqi^JA<5SI||C-T:^^o 
&^;MEM^12Ga (s) <DJS^;j£fc^ 

-So 

[OOgOjl^^dl^fj&^Cl^lZcfc^il^^ 

[0091 ]£jfi0>fl$g84. Mloiii|]!i6(Dff^4<7)$ij^^$^-r3J r p^iii-efe^o Blio twte^rBli 

[0092]304li^^AN^<±SJi^xr^A^L^^;U^axa < h^^;i,^Jtva<!:^^Uh;b^xa<!:^t±J 
7]t^> : ET^te^;1lia}t'fe|) 0 31 3l*mi a>«#«7?fc$o 31 4lil2(Dl^fe-S 0 31 5li 

^iitaS-cfc*. 305[ih;u^Ji^;H^gp-efe^o 306iiiiiBffl«*. 307f*j££prtiH* 
»rfc£„ 31 oitbJ^y^—^y^— KJim % 31 1 liigjt^r— K^*?— K1SM», 31 2i*te 

[0093]^[CHJtS(D^4<Di!lf^^BJ-r^o ^;Ml^;1l3^304[iteBfB'^xr£A*) U Hi 
©«»«313(*(4iSffi^xr$»»Lri$«»<frvr$ai*L^2(Dtt»S314l4iSJt#&^vi^« 
^LT^ilSJi^ar^ai^L. -T^— V^ig*IS315(iJtoiiJgJg^arlZ^toig^Lfc*IJ^^ia) 

vVCO^jUa^^C/r^^h^xa^ai^^o 
[0094]ia±<DSb^(Cj:y^ET J ;M=-^-;-||^:gp304-eii]aT(Dse34. 3t35. j£36CDfc3lli93&;1im 

xa=xr (iC34) 

va = s'xr ■■■•(x£35) 

ta = Ja*s2-xr • ■ • • (5^36) 

[0095]±fB(7>i!;34. j£35. xC36j:y, nifo<Dte&4\Zi$lfZ>*:TJH5 ■^■;Hm$P304li > H«gO> 
[0096]jfc|Ch;U^fi^3t^305<7)SM^C^lNTm^^ 

^Ta<!:^E-r;uig^ V a<i:^E7-*;u<iaxa<i:||ig^vm<!:3liiaxm<!:^A7D-r^o h;K7^^;H»:$P305 
^)vf^m^L.^S^— K^^9— R£MI§3l2li^;b{4axa{z^a^— K^^7— RSMy 

[0097];^|Z{iSMM^306tt^^;U<iaxa<!r||^axm<t(DiiSlC&a^>cox^^i:fdi^ 
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Mfe^vf£teB:7^-K:7*7-K<S;)aHf^xf^ 
h^*i^xr<tLrai;ftT3oT£:t>^h;^ 

Tr=ax-ta— yv-va— yx-xa + Kv (1 + coPI/"s) [va- vm + cox(xa — xm) } (5t37) 

[0098]ZZT:\ ^^U&Jtva^m^li^T^UteBxa. HMvm<D»^MiSI{ifixmT?fe^fr^. 

xr=aT-xa + Kv(awa— vm) + Kx(ax-xa — xm) +Ki(1 /s) (xa — xm) (i£38) 

7cf£U Kx = Kv(cox+coPI) (iC39) 

Ki = Kvcox-coPI (it40) 

av=1 — yv/Kv ■ ■ • ■ (xC41 ) 
ax= 1 — yx/Kx • • ■ ■ ( j£42) 

[oo99]Lyc^or. ii^^— K^^-r7— RgMif3i 1 -eiiJt^— K^^-^— RSMy-Oyv^is^ 

Tii«^-K?*r7-KteM^>yx£§££?-£^ 

3§31 2&ffiz_ s feW?*— P7*r>— R7-V>ax£iiJt?.<— K?*? — K^-f >avH43tlC^O^— 

m&izMfcz-e&zttfnjmvfo&o 

[0101 mmwrniity-f— K?*'?— ^m^wmx^hJ^y^— py*?— Riii|ii§§3i o 
^ii^-f-K^^-RSMfffSl i ^g^-K^^-RgM^l 2£fift*_. 74— K^r7-K 

>ax, av, ax$-mMz^fz:IZ % ^O^— K/^W-f >(!:?437_lC1 ]a^0>fif|::|S:£-e£>5/c#K 3? 
^-K^^-K^^ax. av. ax^l^K^lz^^^P^-r^Z^lCcfctA ^SlJ&^Ml^ 

otr^, n&\zm , ££-t±&z\t£><-*im-c&z )0 

[0103]405lih;U^fg^»g|JT?fe^ o 406li«^-efe^, o 407l*itJtl±WiMfl. 408li<4 

mttmmmm. 409it&wmmm%sx&% 0 ^oitb^y^—^y^rj-mm^. 41 1 umm 
[01 04];^iz^(Dff$ii5(D»j^icoiNTHjiBj-r^c njg^ff^i tmt^u^^hj^mam 

Jlyitmxatm^^vmtmiiLmxmt^ATJ^-^o h;U^Ji^;1t^^405<Dl^lCfcl'vTh;U^^f— 
K?*? — Kitte^lOli^ET-^uh^^xalZh^^— £7**7 — K^fy>ax^i:fc^— K^7 — 

Kh;k7xf£iiJ73U iiJt^-r— K?*r7-Kiiim§l4i 1 li^T^uilJgvalzilJ*^— K:?*-?— Rf-f 

>av£mctz74—\!77t- 1 — k;$ jt vf £ bb 73 -r o 

[0i05];^(cfiaii^Mil^409(i^^;u&fixa<h||{4Hxm<t(0M^{z<4aW^^V>G)i^mi: 

&mvf£o>mm^&mMLtziEf &A7jLm#Ltzm^&&*?& o &iz{£mttM i ®m&408it : E 
v^iiaxa^^axmct^Mfe^icfi^^oe^ai^^D^Ly-di^A^iL. teByf>cox£ 
*i:fcte^ai*rSo*iciisj±«a«sg407i*^— k^*7— rajsvftiiisjsvm^©*^ 

^lzi£BJ±M$«§l408(Dm7D£7jn^ 

h;U^lt%;^^405li^JtJ:bW*11^407^^73^-K7^r7-KK;^xf^(DfP«^h^ 
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Tr=ax-[a+Kv[avva-vm + oox{xa-xm + (1 /s) 
(toi(xa — xm) — (1 — av)va) } ] (xt43) 

(Dmft<b&7LT*m#>Z>£?\Zj£43&mm-t&k. #<7)5£44 % 5$45. iC46. 5£47<t&& 0 

xr=afTa + Kv(avva- vm) + Kx(ctx-xa — xm) + Ki(1 /s) (xa— xm) (iE44) 

tztzL. Kx = cox-Kv (iC45) 

Ki = coi-cox-Kv ■••■(s£46) 
ax = av (iC47) 

[01 07]±|B(7)5e45. 5£46. SC47 J=y . 5*1 5|Cfelf>i,fi«^— K?*'?— RrV>axl±. &Jt^ 
-K7f7H h>V>av^|^i:fiil^^) 0 ^^^— K?*?— Ky-f>Sft^fl*T?fc*h;U^^— 

Kifte»410tcj:yh;u^-f— K7*"7— K^-Oax** *fcM7-r— K7*"7— K«|«»41 
1 <Di*«7*— h^*?— Ky*>av£Rj£«c:£:lcJ:y, iSS7-r— K^*r7— K^f-f >avte«fci;&1B 
?<-K:7*7-RrV>ax£. K/^y-f>i:aitrc»3t-r-6Zi:A<Rrfl6T?*-6„ Ml-. Mil 
izteliZb K:?*'?— Rr-f>ax£i$Jg7>r— K?*?— F¥*>avtm£mz-fZ>&otj:Mi& 

j&Zfttz-eZt, it44lzfc[t-§)^— K^^-^-Ky-Oax. av. ax(DP B 1l::||]&fc<7)ff£sg1 |Zfctf-&j£2 

-f-K^7-KJtte»4i oti*ffi^-f-K^7-Kifi«ii4i 1 tt&tommttmmvs &w 
[oi 09]^/c, mm<oi&B5\*z?4— fy^—fm^mmv&^j^^— k?*?— K«Mg»4io 

ax. av, ax^l^S^lC-OCD/^-^avT^P^-r^CtlC^y. nSLJ^^ftjSlC^yc*^ 
[01 10]^fc\ c<D*^li ±K^^J|S(D^8lTfR^Lf=S«:Wiai&*^Jlc|Bb*L*t(Dri4^ 

o?^— K/\*y^V>#efe:u:lc % £f c . i£Jt. h;u*<7>#7-r— K^r7— Rf-f X^-f^T^ 
[0111] 

[*W©a*]JU±fl>J:5(c, CCD^BJIc^^&afiJ^Sli, (4Mfi^A*L»^m^S^L 

n&mo&is^k&Axu ±&MMtt&<Db)i,<7ftttftf&+&\*jutft^mato&mz.s -tie 

$iJ#-r-5iiE*ijffli^Slcfc^r, ±IB^-r— K/^^*j»ttii % <iStb0U^VX iI£Jt0!I^V>fc 
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0. =ET)l,m&. ^T^UMCDfcW-WltJiW-M-T ^flM^SUMP* fccfctf^-K/^fllMP.*: 

^^^b^^-r-K/^^-T^^iS^-r^^lS^ii^. ±IB?-<— by**?— FM'MUlZs b^yy* 
-by*v-b?j>.&my4-b*y*'?-b'f'(i't$<}:ifii&wy*-by* T 7— b^-ott^ta^y^- 

y^>£h;u^^-K^*?-K^><!:<D^T£±fB^^^ 

^y^^i^a^ic^M-r^xbL^ffim^i^^iCcfctx n^uz^r^^mmizu-otz^. ■* 

[01 13]*fc. ccDfgBjizfi&teafWigaa)^— by*y— KfiJOTIi, M^-f— K?*?— K 
mtLtzOx. itmy^—by^—b'f^^t^my^—byTt-^—b^f^tbJuyy^—by^—b 

?<ot&<k±uz-\ z&miz^Ttzt^ommteWimmz&v % ^uztar^^mmz^-otz 
[01 1 *mtz. -(D^Bjiz^^atij^acD^-K^^^-Kfij^i*. amy*— b'y*r>— k 

[01 1 5]££u -(DflB^f^^iiM^J^acD^-K^^-K^J^f*. fti7^-K7t7-K 

-r^tfjs<tL/c<D-c:\ 9\-mz*i-?z><ftWi&mmz&'z>tz3i3i. ^'^<D/i^^—^^z^mmumm&x 
m^iz^-y^-iyzL—h^mMx^.mmizmm^munm^mm^^tt<v^^o 

[01 1 6]^fc. c^^iBjic^^iiafijffli^acD^— K?* 1 ?— Kawii, tea^f— b*y*r>— K 

m^iz^-^-^^-b^nuv^.^izm^mMm^mm-r^t^x^^. 

(\-)is7yj-fy*v-£f'(z/) = (tea?*— K^^-K^f » 3 (itJg^r-K^-^-Rr-O) 

= «iB7-<-K^ r 7-K>v»2[oi i7]^c, ^(Dmw\z$kZ>$Lwmm%tm*. ^^b^fit 
ft^xnt^^iicDtea&aim^fc&ii^ 

^B^Tr£ft;ftU±8Bil<]mxm^±lBfim*B^xr|Z-gr^^ 

;U^^Lr±IB$ljm)7^^*iJ^^fea»^aicfcl>T.±lB<ia^^xr^A^LTR)f^CD 

(D^)\,m^ya(DW^m^x^^)vw^\z±unmnn.<r>^-i-— ^m^iM^mctz^ 
^bj^yxat^mti^^^j^m^mu^. ^xs±m=E^^b)vyxat=E^)^mm.wat=E^)\,^Lm 

tb)^yy^-by^y-b^^>axtmmy^—by^-b^^>avtiiLmy^—by^y—b¥-(>ax 
«h^ffli^fc^5trS$n^;1IWic»^^r±iBh;u^m^xr^th^r^K;u^Ji^;ll^i5^^^<D 

xr=aT'Ta + Kv (avva-vm) +Kx- (ax«xa — xm) +Ki(1 /s) (xa — xm) 

s-.^zf^mui-ioA 1 8^tz. ^(Dnmizm^itLmvimmm(Db)^ym^mnwt. ^ivb^y 

xB[zb)vyy^—by^y—b^^^ax^m^fzy^—by^—bb)\,yx^^^^b)^yy^—by 
^-Kitteti, ^Tj\s&&vaizmj*y^—by*y-b¥>(>av$:mMLtzy'{—by* r 7—bmm\tf 
Z&ti-f&m&y*— by*i— KiiiPs^, ^E^Miaxaiziia^— b*y*v— K^V>ax^^L 
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fc^-K^a- 1 ?— KteBxf^iti Ji-t&GLW?*— £7**7— ifB^E^HiBxa^lHifixm 
?*9-Kh;u^xffccm*±tB&jgtb0i]li«tt. teBJtfcltiittS* f4B»»*fi«*a>tH*fi^-a)tti 

[oi 1 9mtz. z<Dmmzm&izwwM*&m<»h)i'W%iimn-W£. ^^uhn^xaizh^^-K 

-K^^9-Kiiitisll.±iB^^;ui$j^valciiB^— K^^r7-RSMy-f>px$^S[L^^-K^ 
a-r7-Ki4axf^|±i^-r^^B^— K?*'?— K<£M3S^^Utefixa£ili£Bxm£<D«IM^'D± 
«H^-h^*^-K(iBxf$^JtLfc«#$a«'Lf=«^a*-r^B»»«.±8H7-f--K7* 

^jffi««.fc«fci/±ffittfi»»»<Dai*ici4B»»y'r>Ki^mii[Lf=«^aj*-rsMflt«' 

;u£xffc«fctf ±iEi$/tifc0»J*iitt». i£fitfc0»JM«Sl* tefi»#ffittS&<Dma«#<&fln3tfitt£h;u$ 

li^TriLTm^r^CD-r?. t£B*t^xr#;*:£lM§£^ ^^Lfc^lJ^Jlftf^A^tL^o 

ax =i -Ki-p x /Kx[oi 20]£fc. ca>f§iBic«§&B*JffliSBa)h;u^J&^3fiir«|itt. ^T^UhJU 
^Talch;u^^— K?*? — FfsOaTZmMLtzU— £7**7— h>;U^xf£fciJ±|-?'£h;U^-f'— K 
7^7-Klite^.^r;uii^valc^^^— K^^7— RgM^f-r^Yv^^SL/r^— K^^-r7— K 

x$JR*Lf=7-r— Fz?*?— KfiBxf^ai *-T^>i4B^-<— KiftMiHk ^T^uteBxa^gUi 
Bxm<t(Dii^[c<M^V>cox£§il3rL7i^ 

^>a)Pi<DPi(j±#j«#);1t3|:£^oTM^ 

K^^-K^V^avfc^tmB^-f— K^^r7-K^rV>ax(i^-n-F^5«:T*ig^-ri)^<!:t.lc.±sfi 
^<-K^^9— Kh;u^xf^^^-K^^7— K^^vf^^— K^^7— K&axft^M^Lfcfi-^l^ 

MBStfiBMBSSttJfllJifc^tLri^ii^lctelxrt. 7Y-K7t9-h>V>ax, av, ax£5l^ 
av=1 — yv/Kvax=1 — yx/{Kv(cox + coPI) } 

[01 21 ]£fc, CCDfgBJIZ^teBfrJ^iggl^ ^SP^P,(7>fiBJi^xr«b1SlJffllW*a)faB^iaHS# 
T?fc&^<£Bxm. il^tiifs^JD^)lli$Svm^A^lLh;K7m^xr^ai^lL. ±fBHt£fixm 
A^IB&a^^xrlz-^^^aiciiBh^U^m^xrlcj^C/ch^^^^^LTifB^J^^^fiJ^ll 
«{4aM^MlcfcaNT.±IB<iSfi^xr^A^LTp^^(7){5M|8^^|c^y;1|^Lfc^;U 
teitxa<hu_CD^y;MiMxa(D$!t;bME^T!&^ 

^7-*;uflaiS£lc±fB$W*tii(7M^-— v^tt^fit^i:fc : ET-*;uh;u^xa < !:^i±i^i-r'?) I ET-*;Mt-§- 
tecfctf ±IB^;uh;u^xal::h;u^^— K^9— Ky-r>ax$Jt3tLfc^-r— K7*"7— Kh 
^u^xf^ai^t-^h;u^^-K37^r7-Kigi|>ss.±l5^7 ? ;uilJtvaiciijg^-K^^7-K^> 

<^*^xm<h<DiiiMl::{M«^f^^ 

#£tti ±IB^;ui4fixa«!:^teBxm£(DMfc±re^ 

l=i4B^>(Dx^*ltLfem#$aj*t-*<4BJ±^JM«S.fcJ:t^±SB^— K^*7-Ki*jevft 
^ii£vm<h(Dte;£lz±ieteBJ:b#iJMf»^ 

m^m^1-^^^tb^J^<«^iSlt,±lB^-K^^7-KK;u^xf<tM]:b^JM«§&(Dai^m 
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^^V>(!:^lziS^-r^C<i:A<^-g)o ax=av[01 22]£*:. -(D^BJIc^^M^j^MO^ 
[01 23]£fc. C(7>f£Bj|c&&teSfrJ^«[i. iiBffi^£A:&LftiJffli*t*££j£Lfc* ^Et^UHU 

±E7-r— K-7*-7— K*J«J«Pl*. h;u^^-K^"7— Rf-O.iSJg?^— £7**7— £ foists 



[Mil ^B^oiisjgcD^i (Di3LW.mffl'£w<Dmf&mvfo& 0 

[Ms] *si^a>3iJ6(D^«ii icfcitsjcssE^btD—ws^-riarfc-So 
[Me] *mM(Dnm<Dftmi i^f^^mt(o-m^-tmv$>^> 0 

[Ms] *l6Ka)ll«5a>J^JIg2a>i4HtiJiiPS6aa)«j«Bn?fc§o 

[MiQ] *i§B^(DiiJ6<D^S4(Df4a*jap^aa)«^iii-efe^o 
[Mil] *36B^onj£a)mffi5(z>iia*i»»^aa)fli^Birfc*o 

[M12] miG>fi£*ttfl!ra)fi[aft»JffliSa<Z)fltfiKia^**o 
[ M13 ] H2C7)^^S^<4S$»J^tt(7)ffi^|ll-t?fe^)o 
[##(DifcBJ3] 

1 mm***.* 2 <is^tb^. 3 j^js^tbss. 4. 304 =e^h»3Sjh», 5, 105. 205, 305, 4 
05 HWftitmn&s e, 106 &B8i#s* 7, 107 mmttmrnmrn. s. 10s <aajt«>jffi«». 

9, 109 mftfttttitflk 1 o, 110, 210. 310, 410 h;u^37-r— K^*?— Kit«l>IS. 1 1, 11 

1,211,411 mm?*— \?z>*r?— kjs«s. 1 2 {ia^— k^*?— Ktitsn. 1 1 2 t£a^— k 
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